The systems engineering and cognitive engineering communities both offer processes and methods that must be jointly used to design tools and technologies that can effectively and efficiently support task performance. Unfortunately, these groups have not effectively integrated their approaches. To begin to bridge the gap between systems engineers and cognitive engineers, we have developed The Resource for Applied Cognitive Engineering and Systems Engineering (TRACE-SE). TRACE-SE is a web-based tool designed for both cognitive and systems engineers to provide the information needed to create and support awareness and understanding of the processes and methods used by both the cognitive and systems engineering communities and to facilitate communication between these two groups. Using the TRACE-SE tool, both communities will better understand how to use their respective processes in order to develop systems that support superior decision making, improved safety, and greater operator productivity.
INTRODUCTION
The systems engineering and cognitive engineering communities both offer processes and methods that must be jointly used to design tools and technologies that can effectively and efficiently support task performance. Unfortunately, these groups have not effectively integrated their approaches, resulting in a separation between the two communities. Although methods supporting the system design process are proliferating in both communities, there is little understanding of which tools and methods are best for which purposes. Because of this lack of communication, similar methods and tools are created by different communities of practice with little awareness of the tools and best practices in related fields (National Research Council, 2007) .
Despite efforts made to integrate these approaches, the gap between systems and cognitive engineering has continued to grow, as a result of shortcomings in both communities (Stoner, Stelzer, Wiese, Paley, Darowski, Mizrahi, & Martin, 2006) . For example, systems engineers may not be aware of the cognitive engineering domain or understand the primary goal of the community. Even if systems engineers are aware of cognitive engineering, they may not have a full understanding of the methods and processes used by cognitive engineers or have a complete picture of the benefits that these methods and processes can provide. In a nearly mirrored fashion, cognitive engineers may not be aware of the systems engineering domain or understand the primary goal of the community. Cognitive engineers who are aware of systems engineering still may not have a complete understanding of the methods, processes, and standards used by systems engineers or have a complete picture of the benefits that the methods and processes provide. On both sides of this interdisciplinary gap, the communities are ineffective at sharing information in a way that is useful to their counterparts. Whereas cognitive engineers describe performance benefits in terms of milliseconds saved in response time or benefits to situation awareness, system engineers ask for benefits described as dollars saved. Because critical information cannot be communicated effectively, the gap remains between these two communities.
According to a report on human-system integration (HSI) in the system development process issued by the National Research Council (2007) , reasons that some system designs fail include the following:
• Failure to apply known good methods routinely in practice • Lack of ability to abstract generalizable concepts and principles across application contexts • Lack of synergy between research and practice • Lack of effective use of methods and tools to support the HSI process • Difficulty in cost-justifying resource allocation to resolve HSI issues • Inadequate education and training of system developers to sensitize them to HSI issues • Failure to assign resources as a result of lack of awareness that specific resources are needed to address HSI concerns To begin to address these concerns, we have developed The Resource for Applied Cognitive Engineering and Systems Engineering (TRACE-SE). TRACE-SE is a web-based tool designed for both cognitive and systems engineers to provide the information needed to create and support awareness and understanding of the processes and methods used by both the cognitive and systems engineering communities and to facilitate communication between these two groups.
Although many human-system integration methods, tools, and techniques have been developed and summarized at length in the literature (e.g., Booher, 2003; Nemeth, 2004; Salvendy, 2006) , these methods tend to exist in isolation rather than address design throughout a system life cycle (National Research Council, 2007) . The TRACE-SE tool was designed to help both system engineers and cognitive engineers understand how best to integrate cognitive engineering methods into all stages of a system design and validation process. Using the TRACE-SE tool, both communities will better understand how to use their respective processes in order to develop systems that support superior decision making, improved safety, and greater operator productivity.
Shared representations help teams collectively see and communicate about novel connections, spawn new ideas, and facilitate a more effective design process (Detienne, 2006) . According to the National Research Council's (2007) report, the two most important attributes of shared representations are 1) a shared language aligned with the problem to be solved and 2) facilitation of a social process that allows negotiation among participants (e.g., Boland and Collopy, 2004) . The TRACE-SE tool attempts to build such a shared understanding between the system engineering and cognitive engineering communities through three primary modules:
1. A process support module, intended to support both cognitive engineers and systems engineers in selecting the most effective methods and tools to apply to the design process; 2. A training module, designed to serve as a learning tool to drive awareness, understanding and education of both communities; and 3. A community of practice module, where users from both communities can share knowledge, ask questions, build site content, and build their professional network. Each of the three primary modules of the TRACE-SE tool are described in detail below, pointing out the key functions of each module, the intended users, and the supported functionality.
THE TRACE-SE TOOL
The TRACE-SE system is designed to support the integration of the cognitive engineering and systems engineering communities by providing the tools and techniques that support a "user-centered" (Norman, 1990) approach to system design and development. This integrated approach, termed Cognitive Systems Engineering (Hollnagel and Woods, 1983) , assists both cognitive and systems engineers by supporting efficient and effective design practices that yield systems designed specifically with the human user in mind. TRACE-SE supports this cognitive systems engineering approach to design through the systems engineering process support, training, and community of practice modules. While these modules are outlined here as three distinct entities, they operate together on the TRACE-SE website to create a well-rounded approach to supporting system design.
Process Support Module

Overview
The process support module is designed to provide input and guidance to cognitive engineers and systems engineers at key points in the design process for a given technology or system. This module provides information about systems engineering processes, procedures, and key milestones, as well as information about cognitive engineering methods and approaches that can be used in conjunction with those procedures.
The process support module of TRACE-SE serves as a starting point to bridging the gap between the systems engineering and cognitive engineering communities during the planning for and throughout the system design process. The systems and cognitive engineering communities are expected to benefit from the added familiarity with and expertise in understanding the systems engineering process and critical methods and in selecting appropriate cognitive engineering methods and techniques to improve system design for the end-user.
User
The user of the TRACE-SE process support module includes both systems engineers and cognitive engineers who are interested in using design processes that yield effective and efficient user-centered systems and technologies. With the assistance of the TRACE-SE process support module, the user can gain a reasonable understanding of the primary stages and processes involved in systems engineering and the points in these processes where cognitive engineering techniques can be most efficiently implemented. Users can also identify the cognitive engineering concerns that should be kept in mind during system design (defined in TRACE-SE as "worry points"), identify cognitive engineering methods that might assist in addressing those concerns, and evaluate which method is most effective, given the technology being developed and time and resource constraints. 
Functionality
Within the process support module of TRACE-SE, the tool supports the user by:
1. Summarizing common systems engineering processes: TRACE-SE identifies and summarizes key system engineering processes and milestones, as indicated by the general systems engineering "V" process model.
Identify cognitive engineering concerns:
TRACE-SE identifies and describes cognitive engineering concerns, termed "worry points" at key points within the systems engineering process. These worry points will be directly mapped to the systems engineering processes outlined previously. 3. Summarizing existing cognitive engineering methods: TRACE-SE identifies and summarizes existing cognitive engineering methods that are useful in addressing the identified worry points. These methods are mapped to specific worry points, and the summary for each method include a description of the technique, the resources required to perform the technique, and the expected return on investment. 4. Supporting drill down to cognitive engineering concerns and solutions: TRACE-SE supports the user in drilling down larger design issues and processes to the key cognitive engineering "worry points" and in identifying the solutions that exist to address those concerns.
Training Module
Overview
The training module of TRACE-SE is designed to educate the user, through a series of courses, exercises, and multi-media interactive tools, about the basic procedures involved in systems engineering and cognitive engineering and how these procedures might be integrated to result in effective and efficient usercentered design.
User
The user of the TRACE-SE training module includes both students and professionals who are currently active in the fields of systems engineering and cognitive engineering. Using the TRACE-SE training module, the user has access to a series of text-based lectures, some of which are supplemented with important case studies and interactive exercises, and can gain a more thorough understanding of the processes, methods, and critical issues involved in interdisciplinary, user-centered system design. Users can also expand upon, refine, and create new course content through the TRACE-SE "Wikiriculum." (A "wiki" is a collaborative web site that comprises the perpetual collective work of many authors. A wiki allows anyone to edit, delete or modify content that has been placed on the web site using a browser interface). 
Functionality
Within the training module of TRACE-SE, the tool can be used as a learning tool by:
1. Providing a foundational curriculum: The training module of TRACE-SE provides a foundational curriculum, which identifies and describes the primary processes in the "V" model of systems engineering and cognitive engineering concerns that should be considered during the design of a human-centered system. Cognitive engineering methods to address these concerns are also discussed.
Supporting user-defined lecture content:
TRACE-SE incorporates Wikiriculum functionality, which allows the user to modify, refine, update, or add to the TRACE-SE foundational curriculum. While the foundational curriculum is always be available in the training module, the Wikiriculum version of the curriculum ensures that the content is up-to-date and complete at all times. 3. Providing support through multi-media educational tools: TRACE-SE incorporates the description of key systems and cognitive engineering case studies, as well as Flash-based exercises to demonstrate key concepts. These tools are available in an integrated form within the foundational curriculum, but are also accessible independently from the traditional text-based lectures.
Community of Practice Module
Overview
The Community of Practice Module will provide a home for users wishing to share information, create new knowledge, and provide insights and feedback to other users. The TRACE-SE website is designed to be a "community" site. The content that supports the Training and Process Support Modules serves as a framework for the community to use for interaction. For this interaction to flourish a robust community must be in place, where the users of the website are the key stakeholders. In addition to serving as a forum for interaction among system and cognitive engineers, the community maintains the content on the website, ensuring that the website remains a repository for new idea and trends. Various techniques can be employed to help facilitate community, include:
1. Communication methods that allow users' voices to be heard 2. Commenting, ratings systems, etc. 3. Reward users (e.g., special privileges, special access) for participation 4. Allow them to become an author 5. Quick access to all the contributions they have made Although these techniques will not be individually validated for effectiveness, various measures of website activity (e.g., number of visitors, number of changes in site content, number of blog posts, etc.) will be used to track overall success in establishing an online community.
User
The users of the TRACE-SE Community of Practice Module include systems engineering designers, cognitive engineering consultants, as well as systems and cognitive engineering students, who are interested in sharing ideas with other members of this community.
Functionality
The Community of Practice Module is designed to support the Training and Process Support Modules by providing a forum for information sharing, knowledge collection, additional training and support. Facilitated information sharing may occur via online forums, webinars, podcasts, and message boards.
CONCLUSIONS
The Resource for Applied Cognitive Engineering and Systems Engineering (TRACE-SE) begins to bridge the gap between systems engineers and cognitive engineers through the development of a web-based tool with three primary modules: process support, training, and community of practice. The TRACE-SE tool, designed for both cognitive and systems engineers, provides the information needed to create and support awareness and understanding of the processes and methods used by both the cognitive and systems engineering communities and to facilitate communication between these two groups. Through the TRACE-SE tool, both communities should better understand how to use their respective processes in order to develop systems that support superior decision making, improved safety, and greater operator productivity.
